










ȺɇɈɌȺɐȱə ȼɢɡɧɚɱɟɧɨ ɜɩɥɢɜ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɪɨɰɟɫɭ ɧɚ ɚɥɤɨɝɨɥɿɡ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɟɬɢɥɨɜɢɦ ɫɩɢɪɬɨɦ ɭ
ɩɪɢɫɭɬɧɨɫɬɿ ɤɚɬɚɥɿɡɚɬɨɪɿɜ ± ɤɚɬɿɨɧɿɬɭ Ʉɍ-2- ɭ ɇ-ɮɨɪɦɿ ɬɚ ɡ ɿɦɦɨɛɿɥɿɡɨɜɚɧɢɦɢ ɿɨɧɚɦɢ ɋɨ2+ ȼɫɬɚɧɨɜɥɟɧɨ ɳɨ
ɨɩɬɢɦɚɥɶɧɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ ɩɪɨɰɟɫɭ ɽ Ʉ ɉɨɤɚɡɚɧɨ ɳɨ ɱɚɫɬɨɬɚ ɩɟɪɟɦɿɲɭɜɚɧɧɹ  ɨɛɯɜ ɿ ɛɿɥɶɲɟ ɧɟ ɜɩɥɢɜɚɽ ɧɚ
ɲɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɿ ɦɚɤɫɢɦɚɥɶɧɭ ɤɨɧɜɟɪɫɿɸ ɨɥɿʀ ȼɫɬɚɧɨɜɥɟɧɨ ɳɨ ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɤɨɧɜɟɪɫɿʀ ɨɥɿʀ ɦɨɥɶɧɟ
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɟɬɚɧɨɥɬɪɢɨɥɟɚɬɝɥɿɰɟɪɢɧɭɩɨɜɢɧɧɨɫɬɚɧɨɜɢɬɢɧɟɦɟɧɲɟɧɿɠɉɨɤɚɡɚɧɨɳɨɧɚɹɜɧɿɫɬɶ±ɦɚɫ
 ɜɨɞɢɭ ɫɩɢɪɬɿɞɨɡɜɨɥɹɽɩɿɞɜɢɳɢɬɢɤɿɧɰɟɜɭɤɨɧɜɟɪɫɿɸɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɧɚ±ȼɢɹɜɥɟɧɨ ɟɤɫɬɪɟɦɚɥɶɧɭ ɡɚɥɟɠɧɿɫɬɶ
ɦɚɤɫɢɦɚɥɶɧɨʀɤɨɧɜɟɪɫɿʀɬɪɢɨɥɟɚɬɭɝɥɿɰɟɪɢɧɭɜɿɞɜɦɿɫɬɭɤɚɬɚɥɿɡɚɬɨɪɚɭɪɟɚɤɰɿɣɧɿɣɫɭɦɿɲɿ 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ ɫɨɧɹɲɧɢɤɨɜɚɨɥɿɹɚɥɤɨɝɨɥɿɡɟɬɚɧɨɥɬɪɢɨɥɟɚɬɝɥɿɰɟɪɢɧɭɤɚɬɿɨɧɿɬɄɍ-2-8. 
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ABSTRACT The aim of research was to study the influence of technological parameters of transesterefication of sunflower oil with 
ethyl alcohol on the conversion of glycerol trioleate. The influence of reaction temperature, catalyst concentration, intensity of 
mixing of the reaction mixture, the molar ratio ethanol : glycerol trioleate, the water content in the reaction mixture on the 
transesterification process of sunflower oil with ethyl alcohol and with catalysts ± cation exchange resin KU-2-8 in H-form and the 
immobilized form with Co2+-ions has been determined. It has been established that the optimal temperature of process is 353K. It has 
been shown that mixing with frequency over 80 min±1 has no affects on the reaction rate and the maximum conversion of sunflower 
oil. It was found that to maximize the conversion of glycerol trioleate the molar ratio ethanol : glycerol trioleate should be not less 
than 4.5 : 1. It has been shown that the presence of 5-10 wt. % water in alcohol can increase the final conversion of sunflower oil on 
5-10%. The extreme dependence of maximum conversion of glycerol trioleate from the content of catalyst in the reaction mixture has 
been discovered. The established optimal conditions of transesterifications process of sunflower oil with ethyl alcohol allowed to 
achieve almost complete conversion of glycerol trioleate. 






ɭ ɩɪɢɫɭɬɧɨɫɬɿ ɤɚɬɚɥɿɡɚɬɨɪɿɜ ɹɤ ɩɪɚɜɢɥɨ ɤɢɫɥɨɬ ɱɢ
ɥɭɝɿɜ ɚɛɨ ɚɥɤɨɝɨɥɹɬɿɜ ɥɭɠɧɢɯ ɦɟɬɚɥɿɜ ɡ ɨɞɟɪɠɚɧɧɹɦ
ɝɥɿɰɟɪɢɧɭ ɿ ɟɫɬɟɪɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɫɩɢɪɬɿɜ ɬɚ
ɧɟɧɚɫɢɱɟɧɢɯɠɢɪɧɢɯɤɢɫɥɨɬ 
ɇɟɡɜɚɠɚɸɱɢɧɚɬɟɳɨɭɜɢɪɨɛɧɢɰɬɜɿɛɿɨɞɢɡɟɥɸ
ɞɥɹ ɚɥɤɨɝɨɥɿɡɭ ɨɥɿɣ ɜ ɨɫɧɨɜɧɨɦɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ
ɦɟɬɚɧɨɥɩɪɢɞɚɬɧɢɦɢɞɥɹɰɿɽʀɪɟɚɤɰɿʀɬɚɤɨɠɽɟɬɚɧɨɥ
ɩɪɨɩɚɧɨɥɛɭɬɚɧɨɥɿɩɟɧɬɚɧɨɥ>@ 
ȼɢɫɨɤɚ ɜɚɪɬɿɫɬɶ ɜɢɪɨɛɧɢɰɬɜɚ ɱɚɫɬɤɨɜɨ
ɜɧɚɫɥɿɞɨɤ ɝɪɨɦɿɡɞɤɨɝɨ ɩɪɨɰɟɫɭ ɧɟɣɬɪɚɥɿɡɚɰɿʀ
ɝɨɦɨɝɟɧɧɨɝɨ ɤɚɬɚɥɿɡɚɬɨɪɚ ± ɥɭɝɭ ɚɛɨ ɚɥɤɨɝɨɥɹɬɭ
ɥɭɠɧɨɝɨ ɦɟɬɚɥɭ ɿ ɪɨɡɞɿɥɟɧɧɹ ɩɪɨɞɭɤɬɿɜ ɪɟɚɤɰɿʀ
ɡɦɟɧɲɭɽ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɤɚɡɚɧɢɯ
ɤɚɬɚɥɿɡɚɬɨɪɿɜ ɬɨɦɭ ɧɚ ɫɶɨɝɨɞɧɿ ɪɨɡɪɨɛɥɹɸɬɶ ɦɟɬɨɞɢ
ɚɥɤɨɝɨɥɿɡɭ ɬɪɢɨɥɟɚɬɿɜ ɝɥɿɰɟɪɢɧɭ ɌȽ ɭ ɩɪɢɫɭɬɧɨɫɬɿ
ɝɟɬɟɪɨɝɟɧɧɢɯ ɤɚɬɚɥɿɡɚɬɨɪɿɜ > @ ɬɚ ɿɦɦɨɛɿɥɿɡɨɜɚɧɢɯ
ɧɚɝɟɬɟɪɨɝɟɧɧɢɯɧɨɫɿɹɯɮɟɪɦɟɧɬɿɜ>@ 
ɇɚɦɢ ɜɫɬɚɧɨɜɥɟɧɨ ɳɨ ɡɚɫɬɨɫɭɜɚɧɧɹ
ɤɚɬɚɥɿɡɚɬɨɪɿɜɧɚɨɫɧɨɜɿɤɚɬɿɨɧɿɬɭɄɍ-2-ɭɇ-ɮɨɪɦɿɬɚ
ɡ ɿɦɦɨɛɿɥɿɡɨɜɚɧɢɦɢ ɿɨɧɚɦɢ ɦɟɬɚɥɿɜ ɞɨɡɜɨɥɹɽ
ɡɚɛɟɡɩɟɱɢɬɢɞɨɫɬɚɬɧɶɨɜɢɫɨɤɿ ɬɟɯɧɨɥɨɝɿɱɧɿɩɨɤɚɡɧɢɤɢ
ɩɪɨɰɟɫɭ ɚɥɤɨɝɨɥɿɡɭ ɫɨɧɹɲɧɢɤɨɜɨʀ ɬɚ ɪɿɩɚɤɨɜɨʀ ɨɥɿɣ
ɟɬɢɥɨɜɢɦ ɬɚ ɿɡɨɩɪɨɩɿɥɨɜɢɦ ɫɩɢɪɬɚɦɢ 
> @ ɉɪɨɬɟ ɜɤɚɡɚɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ ɭ
ɞɨɫɬɚɬɧɶɨ ɜɭɡɶɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ
ɩɚɪɚɦɟɬɪɿɜɹɤɿɧɟɞɨɡɜɨɥɢɥɢɞɨɫɹɝɧɭɬɢɤɨɧɜɟɪɫɿʀɨɥɿʀ
ɩɨɧɚɞ  ɩɪɢ ʀʀ ɚɥɤɨɝɨɥɿɡɿ ɟɬɢɥɨɜɢɦ ɫɩɢɪɬɨɦ >@
Ɍɨɦɭ ɜɫɬɚɧɨɜɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ
ɩɚɪɚɦɟɬɪɿɜ ɩɪɨɰɟɫɭ ɚɥɤɨɝɨɥɿɡɭ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ
ɟɬɚɧɨɥɨɦɭɩɪɢɫɭɬɧɨɫɬɿɝɟɬɟɪɨɝɟɧɧɢɯɤɚɬɚɥɿɡɚɬɨɪɿɜɧɚ






Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɨ ɜɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ
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ɟɬɚɧɨɥɬɪɢɨɥɟɚɬɝɥɿɰɟɪɢɧɭɜɦɿɫɬɭɜɨɞɢɜɟɬɢɥɨɜɨɦɭ
ɫɩɢɪɬɿ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɤɚɬɚɥɿɡɚɬɨɪɚ ɧɚ
ɪɟɚɤɰɿɸ ɚɥɤɨɝɨɥɿɡɭ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɟɬɢɥɨɜɢɦ





ɍ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɬɚɤɿ ɪɟɚɤɬɢɜɢ
ɫɨɧɹɲɧɢɤɨɜɭɨɥɿɸȾɋɌɍɫɩɢɪɬɟɬɢɥɨɜɢɣ
ɪɟɤɬɢɮɿɤɨɜɚɧɢɣȾɋɌɍɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɭ
ɮɪɚɤɰɿɸ Ɍɍ ɍ - əɤ ɤɚɬɚɥɿɡɚɬɨɪ
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɤɚɬɿɨɧɿɬ Ʉɍ-2- ɭ ɇ-ɮɨɪɦɿ ȽɈɋɌ
20298- ɬɚ ɤɚɬɿɨɧɿɬ Ʉɍ-2- ɡ ɿɦɦɨɛɿɥɿɡɨɜɚɧɢɦɢ
ɿɨɧɚɦɢɋɨ2+ɨɬɪɢɦɚɧɢɣɡɚɦɟɬɨɞɢɤɨɸɨɩɢɫɚɧɨɸɜ>@
Ȼɟɡɜɨɞɧɢɣ ɟɬɚɧɨɥ  ɦɚɫ  ɨɬɪɢɦɭɜɚɥɢ
ɜɢɫɭɲɭɜɚɧɧɹɦɫɩɢɪɬɭɟɬɢɥɨɜɨɝɨɪɟɤɬɢɮɿɤɨɜɚɧɨɝɨɧɚɞ
ɩɪɨɠɚɪɟɧɢɦɫɭɥɶɮɚɬɨɦɦɚɝɧɿɸ 
Ʌɚɛɨɪɚɬɨɪɧɚ ɭɫɬɚɧɨɜɤɚ ɫɤɥɚɞɚɥɚɫɹ ɡ
ɤɪɭɝɥɨɞɨɧɧɨʀ ɤɨɥɛɢ ɡɿ ɡɜɨɪɨɬɧɢɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɿ
ɬɟɪɦɨɦɟɬɪɨɦ ɋɭɦɿɲ ɨɥɿʀ ɟɬɚɧɨɥɭ ɬɚ ɤɚɬɚɥɿɡɚɬɨɪɚ
ɩɟɪɟɦɿɲɭɜɚɥɢɦɟɯɚɧɿɱɧɨɸɦɿɲɚɥɤɨɸɡɝɿɞɪɨɡɚɬɜɨɪɨɦ
ɑɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ ɦɿɲɚɥɤɢ ɫɬɚɧɨɜɢɥɚ   ɿ 
ɨɛɯɜɌɟɦɩɟɪɚɬɭɪɚɪɟɚɤɰɿʀɚɥɤɨɝɨɥɿɡɭɫɬɚɧɨɜɢɥɚ±
 Ʉ ɤɨɧɰɟɧɬɪɚɰɿɹ ɤɚɬɚɥɿɡɚɬɨɪɚ ± 0,5± ɦɚɫ 
ɬɪɢɜɚɥɿɫɬɶ ɪɟɚɤɰɿʀ ±  ɝɨɞ ɑɟɪɟɡ ɤɨɠɧɿ  ɯɜ
ɜɿɞɛɢɪɚɥɢ ɩɪɨɛɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɟɬɚɧɨɥɭ Ɂɚ
ɤɿɥɶɤɿɫɬɸ ɜɢɬɪɚɱɟɧɨɝɨ ɧɚ ɪɟɚɤɰɿɸ ɫɩɢɪɬɭ ɜɢɡɧɚɱɚɥɢ
ɤɿɥɶɤɿɫɬɶ ɩɪɨɪɟɚɝɨɜɚɧɨɝɨ ɬɪɢɨɥɟɚɬɭ ɝɥɿɰɟɪɢɧɭ ɿ
ɜɿɞɩɨɜɿɞɧɨɤɨɧɜɟɪɫɿɸɨɥɿʀ 
Ʉɨɧɰɟɧɬɪɚɰɿɸ ɟɬɚɧɨɥɭ ɜ ɪɟɚɤɰɿɣɧɿɣ ɫɭɦɿɲɿ
ɜɢɡɧɚɱɚɥɢ ɡ ɞɨɩɨɦɨɝɨɸ ɝɚɡɨɪɿɞɢɧɧɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ
³ɐɜɟɬ±´ ɡ ɞɟɬɟɤɬɨɪɨɦ ɩɨ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ Ⱦɥɹ
ɚɧɚɥɿɡɭ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɤɨɥɨɧɤɭ ɞɨɜɠɢɧɨɸ  ɦ ɬɚ
ɞɿɚɦɟɬɪɨɦ  ɦɦ ɡɚɩɨɜɧɟɧɭ ɧɟɪɭɯɨɦɨɸ ɮɚɡɨɸ 
6LOLFRQH 6( ɧɚ ɋKURPDWRQ 1-$: əɤ ɝɚɡ-ɧɨɫɿɣ
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɝɟɥɿɣ ɜɢɬɪɚɬɚ ɹɤɨɝɨ ɫɬɚɧɨɜɢɥɚ ± 3 
ɞɦ3ɝɨɞ ɫɢɥɚ ɫɬɪɭɦɭ ɧɚ ɞɟɬɟɤɬɨɪɿ ±  ɦȺ ɨɛ¶ɽɦ
ɚɧɚɥɿɡɨɜɚɧɨʀ ɩɪɨɛɢ ±  ɦɤɥ Ɍɟɦɩɟɪɚɬɭɪɚ ɜɢɩɚɪɧɢɤɚ
ɫɬɚɧɨɜɢɥɚ Ʉ ɞɟɬɟɤɬɨɪɚ ± Ʉ ɤɨɥɨɧɤɢ ± Ʉ
ɜɿɞɩɨɜɿɞɧɨ 
ɉɟɪɟɛɿɝ ɩɨɛɿɱɧɢɯ ɪɟɚɤɰɿɣ ɨɰɿɧɸɜɚɥɢ ɡɚ
ɨɩɬɢɱɧɨɸɝɭɫɬɢɧɨɸɪɟɚɤɰɿɣɧɨʀɫɭɦɿɲɿɜɢɡɧɚɱɟɧɨɸɡɚ
ɞɨɩɨɦɨɝɨɸ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɚ ɄɎɄ- ɩɪɢ ɞɨɜɠɢɧɿ
ɯɜɢɥɿɫɜɿɬɥɚɧɦɭɤɸɜɟɬɿɬɨɜɳɢɧɨɸɦɦ 





ȼɪɚɯɨɜɭɸɱɢ ɳɨ ɚɥɤɨɝɨɥɿɡ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ
ɟɬɢɥɨɜɢɦ ɫɩɢɪɬɨɦ ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ ɭɬɜɨɪɟɧɧɹɦ
ɝɟɬɟɪɨɮɚɡɧɨʀ ɫɢɫɬɟɦɢ ɚ ɡɝɿɞɧɨ >@ ɧɚ ɪɟɚɤɰɿɸ
ɜɩɥɢɜɚɽ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɫɭɦɿɲɿ
ɞɨɫɥɿɞɠɟɧɨ ɜɩɥɢɜ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɦɿɲɚɥɤɢ ɧɚ
ɲɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɬɚ ɪɿɜɧɨɜɚɠɧɭ ɤɨɧɜɟɪɫɿɸ ɨɥɿʀ
ɬɪɢɨɥɟɚɬɭ ɝɥɿɰɟɪɢɧɭ ȼɫɬɚɧɨɜɥɟɧɨ ɳɨ ɩɪɢ ɱɚɫɬɨɬɿ
ɨɛɟɪɬɚɧɧɹ ɦɿɲɚɥɤɢ  ɿ  ɨɛɯɜ ɞɨɫɹɝɚɸɬɶɫɹ
ɩɪɚɤɬɢɱɧɨ ɨɞɧɚɤɨɜɿ ɲɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɚɥɤɨɝɨɥɿɡɭ ɿ
ɦɚɤɫɢɦɚɥɶɧɚ ɤɨɧɜɟɪɫɿɹ ɨɥɿʀ r ɚ ɡɧɢɠɟɧɧɹ
ɱɚɫɬɨɬɢ ɞɨ  ɨɛɯɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɿɫɬɨɬɧɨɝɨ
ɫɩɨɜɿɥɶɧɟɧɧɹ ɪɟɚɤɰɿʀɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɜɩɥɢɜ ɞɢɮɭɡɿʀ
ɧɚɚɥɤɨɝɨɥɿɡɨɥɿʀɪɢɫ 
Ɂɝɪɚɮɿɤɚɨɱɟɜɢɞɧɨɳɨɡɧɚɱɟɧɧɹɤɨɧɜɟɪɫɿʀɨɥɿʀ
ɜ ɛɭɞɶ-ɹɤɢɣ ɦɨɦɟɧɬ ɱɚɫɭ ɩɪɢ ɱɚɫɬɨɬɿ ɨɛɟɪɬɚɧɧɹ
ɦɿɲɚɥɤɢɿɨɛɯɜɡɧɚɯɨɞɹɬɶɫɹɜɦɟɠɚɯɩɨɯɢɛɤɢ
ȼɿɞɩɨɜɿɞɧɨ ɩɨɞɚɥɶɲɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɩɪɢ
ɱɚɫɬɨɬɿɨɛɟɪɬɚɧɧɹɦɿɲɚɥɤɢɨɛɯɜ 
ȼɪɚɯɨɜɭɸɱɢ ɨɛɨɪɨɬɧɿɫɬɶ ɪɟɚɤɰɿʀ ɚɥɤɨɝɨɥɿɡɭ
ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɜɢɳɨʀ ɤɨɧɜɟɪɫɿʀ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ
ɦɨɥɶɧɢɣ ɧɚɞɥɢɲɨɤ ɫɩɢɪɬɭ ɡɛɿɥɶɲɟɧɨ ɜ  ɿ  ɪɚɡɿɜ
ȼɫɬɚɧɨɜɥɟɧɨɳɨɩɪɢɫɩɿɜɜɿɞɧɨɲɟɧɧɿɟɬɚɧɨɥɌȽ± 4,5 
  ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɟ ɩɟɪɟɬɜɨɪɟɧɧɹ ɬɪɢɨɥɟɚɬɭ ɞɨɫɹɝɚ-
ɽɬɶɫɹ ɡɚ ± ɯɜ ɚ ɩɪɢ ɩɨɞɚɥɶɲɨɦɭ ɩɿɞɜɢɳɟɧɧɿ








ɛɟɡɜɨɞɧɢɦɟɬɚɧɨɥɨɦɌɟɦɩɟɪɚɬɭɪɚ± Ʉ ɜɦɿɫɬ 




Ɋɢɫ2 ± ȼɩɥɢɜɦɨɥɶɧɨɝɨɫɩɿɜɜɿɞɧɨɲɟɧɧɹɟɬɚɧɨɥ : ɌȽ 
ɧɚɤɨɧɜɟɪɫɿɸɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀɜɪɟɚɤɰɿʀʀʀɚɥɤɨɝɨɥɿɡɭ
ɛɟɡɜɨɞɧɢɦɟɬɚɧɨɥɨɦɌɟɦɩɟɪɚɬɭɪɚ± Ʉ ɜɦɿɫɬ











ȼɢɡɧɚɱɟɧɿ ɡɧɚɱɟɧɧɹ ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ
ɪɟɚɤɰɿɣɧɨʀ ɫɭɦɿɲɿ ɽ ɧɟɜɢɫɨɤɢɦɢ ɿ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ
ɫɭɦɚɪɧɟ ɡɧɚɱɟɧɧɹ ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ ɪɟɚɝɟɧɬɿɜ ± 
ɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀ ɬɚ ɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɭɳɨɫɜɿɞɱɢɬɶ
ɩɪɨɬɟɳɨɜɭɦɨɜɚɯɪɟɚɤɰɿʀɚɥɤɨɝɨɥɿɡɭɝɿɞɪɨɥɿɡɨɥɿʀɧɟ
ɜɿɞɛɭɜɚɽɬɶɫɹ ɿ ɜɿɥɶɧɿ ɧɟɧɚɫɢɱɟɧɿ ɠɢɪɧɿ ɤɢɫɥɨɬɢ ɧɟ
ɭɬɜɨɪɸɸɬɶɫɹɈɩɬɢɱɧɚɝɭɫɬɢɧɚɩɪɨɞɭɤɬɿɜɪɟɚɤɰɿʀ ɞɥɹ 
ɜɫɿɯɞɨɫɥɿɞɠɟɧɢɯɫɩɿɜɜɿɞɧɨɲɟɧɶ ɽɧɢɠɱɨɸɡɚɨɩɬɢɱɧɭ 
ɝɭɫɬɢɧɭ ɨɥɿʀ ɹɤɚ ɫɬɚɧɨɜɢɬɶ   
ɬɚɛɥ 
 
Ɍɚɛɥɢɰɹ  ± ȼɩɥɢɜ ɦɨɥɶɧɨɝɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ
ɟɬɚɧɨɥɌȽ ɧɚɩɨɤɚɡɧɢɤɢɚɥɤɨɝɨɥɿɡɭɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀ
ɛɟɡɜɨɞɧɢɦɟɬɚɧɨɥɨɦɌɟɦɩɟɪɚɬɭɪɚ ± Ʉ ɜɦɿɫɬɄɍ-

















4,0 : 1  90 87,4 0,05 0,4 150 90,6 
4,5 : 1 60 92,9 0,07 0,3 90 99,2 
5,0 : 1 30 98,5 0,04 0,4 60 99,9 
 
Ɂɦɿɧɚ ɦɨɥɶɧɨɝɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɟɬɚɧɨɥ : ɌȽ ɜ
ɞɿɚɩɚɡɨɧɿ (3,7±4,5) : 1 ɡɧɚɱɧɨɦɟɧɲɨɸɦɿɪɨɸɜɩɥɢɜɚɽ
ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɩɪɨɰɟɫɭ
ɚɥɤɨɝɨɥɿɡɭ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɨɸ 
ɮɪɚɤɰɿɽɸ ɜɢɪɨɛɧɢɰɬɜɚ ɫɩɢɪɬɭ ɟɬɢɥɨɜɨɝɨ





Ɋɢɫ ± ȼɩɥɢɜɦɨɥɶɧɨɝɨɫɩɿɜɜɿɞɧɨɲɟɧɧɹɟɬɚɧɨɥ : ɌȽ 
ɧɚɤɨɧɜɟɪɫɿɸɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀɜɪɟɚɤɰɿʀ ʀʀɚɥɤɨɝɨɥɿɡɭ
ɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɨɸɮɪɚɤɰɿɽɸɌɟɦɩɟɪɚɬɭɪɚ± Ʉ
ɜɦɿɫɬ Ʉɍ-2-8 ɡɿɦɦɨɛɿɥɿɡɨɜɚɧɢɦɢɿɨɧɚɦɢɋɨ2+ ±  
ɦɚɫ 
 
ȼɫɬɚɧɨɜɥɟɧɨ ɳɨ ɩɿɞɜɢɳɟɧɧɹ ɦɨɥɶɧɨɝɨ
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɟɬɚɧɨɥ  ɌȽ ɞɨ    ɞɨɡɜɨɥɹɽ
ɩɿɞɜɢɳɢɬɢ ɲɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɚɥɤɨɝɨɥɿɡɭ ɿ ɞɨɫɹɝɧɭɬɢ
ɤɨɧɜɟɪɫɿʀ ɨɥɿʀ a ɡɚ  ɯɜ ɹɤɚ ɡɚ ɩɨɞɚɥɶɲɿ  ɝɨɞ
ɟɤɫɩɟɪɢɦɟɧɬɭɡɛɿɥɶɲɭɽɬɶɫɹɥɢɲɟɧɚɪɢɫ 
ɉɪɢɫɩɿɜɜɿɞɧɨɲɟɧɧɹɯɟɬɚɧɨɥɌȽ± ɿ
 ɦɨɥ ɯɚɪɚɤɬɟɪ ɤɪɢɜɢɯ ɡɦɿɧɢ ɤɨɧɜɟɪɫɿʀ
ɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀɡɱɚɫɨɦɽɩɪɚɤɬɢɱɧɨɨɞɧɚɤɨɜɢɦ. 
Ɂɚɝɚɥɨɦ ɦɚɤɫɢɦɚɥɶɧɚ ɤɨɧɜɟɪɫɿɹ ɨɥɿʀ
ɞɨɫɹɝɚɽɬɶɫɹɩɪɢɜɢɤɨɪɢɫɬɚɧɧɿɫɩɿɜɜɿɞɧɨɲɟɧɧɹɟɬɚɧɨɥ
 ɌȽ ±    ɧɚ  ɯɜ ɩɪɨɰɟɫɭ ɿ ɫɬɚɧɨɜɢɬɶ  
ɬɚɛɥ 
 
Ɍɚɛɥɢɰɹ  ± ȼɩɥɢɜ ɦɨɥɶɧɨɝɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ
ɟɬɚɧɨɥɌȽɧɚɩɨɤɚɡɧɢɤɢɚɥɤɨɝɨɥɿɡɭɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀ
ɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɨɸ ɮɪɚɤɰɿɽɸ Ɍɟɦɩɟɪɚɬɭɪɚ ± Ʉ
ɜɦɿɫɬ ɤɚɬɿɨɧɿɬɭ Ʉɍ-2- ɡ ɿɦɦɨɛɿɥɿɡɨɜɚɧɢɦɢ ɿɨɧɚɦɢ














3,7 : 1  78,8 82,4 0,05 0,4 
4,0 : 1  75,6 81,7 0,05 0,3 
4,5 : 1  84,9 84,5 0,05 0,4 
 
ɇɟɨɞɧɨɡɧɚɱɧɢɣ ɜɩɥɢɜ ɡɦɿɧɢ ɦɨɥɶɧɨɝɨ
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɪɟɚɝɟɧɬɿɜɧɚɲɜɢɞɤɿɫɬɶɪɟɚɤɰɿʀɦɨɠɧɚ
ɩɨɹɫɧɢɬɢ ɜɩɥɢɜɨɦ ɦɚɫɨɩɟɪɟɧɟɫɟɧɧɹ ɪɟɚɝɟɧɬɿɜ ɞɨ
ɩɨɜɟɪɯɧɿ ɤɚɬɚɥɿɡɚɬɨɪɚ ɡ ɨɥɿɣɧɨʀ ɬɚ ɝɥɿɰɟɪɢɧɨɜɨʀ ɮɚɡ
ɪɟɚɤɰɿɣɧɨʀɫɭɦɿɲɿɹɤɿɭɬɜɨɪɸɸɬɶɫɹɩɿɞɱɚɫ ɚɥɤɨɝɨɥɿɡɭ
ɿɧɟɡɦɿɲɭɸɬɶɫɹɦɿɠɫɨɛɨɸ 
Ⱦɨɞɚɬɤɨɜɢɣ ɜɩɥɢɜ ɦɚɫɨɨɛɦɿɧɭ ɧɚ ɪɟɚɤɰɿɸ
ɩɟɪɟɬɜɨɪɟɧɧɹ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɦɚɽ ɣ ɩɪɢɫɭɬɧɿɫɬɶ ɭ
ɪɟɚɝɟɧɬɚɯɟɬɚɧɨɥɿɜɨɞɢ 
ȼɫɬɚɧɨɜɥɟɧɨ ɳɨ ɩɪɢɫɭɬɧɿɫɬɶ ɜ ɟɬɢɥɨɜɨɦɭ
ɫɩɢɪɬɿ ɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɿɣ ɮɪɚɤɰɿʀ 9,2 ɦɚɫ  ɜɨɞɢ





















Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɫɜɿɞɱɚɬɶ ɳɨ 
ɩɪɢɫɭɬɧɿɫɬɶ ɜɨɞɢ ɜɩɥɢɜɚɽ ɹɤ ɧɚ ɲɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ
ɚɥɤɨɝɨɥɿɡɭ ɬɚɤ ɿ ɧɚ ɪɿɜɧɨɜɚɠɧɭ ɤɨɧɜɟɪɫɿɸ
ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɩɪɨɬɟ ʀʀ ɜɩɥɢɜ ɧɟ ɽ ɨɞɧɨɡɧɚɱɧɢɦ
ɳɨɦɨɠɟɛɭɬɢɩɨɜ¶ɹɡɚɧɟɡɬɢɦɳɨɪɟɚɤɰɿɣɧɚɫɢɫɬɟɦɚ
ɽɝɟɬɟɪɨɮɚɡɧɨɸ. 
ȼɪɚɯɨɜɭɸɱɢ ɳɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ  Ʉ ɭ
ɩɪɢɫɭɬɧɨɫɬɿɤɚɬɚɥɿɡɚɬɨɪɚɄɍ-2-8 ɭɇ-ɮɨɪɦɿɚɥɤɨɝɨɥɿɡ
ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɟɫɬɟɪɨ-ɚɥɶɞɟɝɿɞɧɨɸ ɮɪɚɤɰɿɽɸ
ɜɿɞɛɭɜɚɽɬɶɫɹ ɩɪɚɤɬɢɱɧɨ ɡ ɩɨɜɧɢɦ ɩɟɪɟɬɜɨɪɟɧɧɹɦ
ɬɪɢɨɥɟɚɬɭ ɝɥɿɰɟɪɢɧɭ (98,7%) ɡɚ ɞɨɫɬɚɬɧɶɨ ɤɨɪɨɬɤɢɣ
ɱɚɫ ɜɿɞ  ɞɨ ± ɯɜ ɡɚɥɟɠɧɨ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ
ɟɬɚɧɨɥ  ɌȽ ɡ ɦɟɬɨɸ ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬɢ
ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ ɧɚ ɩɪɨɜɟɞɟɧɧɹ ɪɟɚɤɰɿʀ ɞɨɫɥɿɞɠɟɧɨ





Ɋɢɫ5 ± ȼɩɥɢɜɬɟɦɩɟɪɚɬɭɪɢɧɚɤɨɧɜɟɪɫɿɸ 
ɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀɛɟɡɜɨɞɧɢɦɟɬɚɧɨɥɨɦɭɩɪɢɫɭɬɧɨɫɬɿ
ɤɚɬɿɨɧɿɬɭɄɍ-2-ɋɩɿɜɜɿɞɧɨɲɟɧɧɹɟɬɚɧɨɥ  
ɌȽ ± 4,1 : 1 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Ʉɫɬɚɧɨɜɥɹɬɶ61,7%ɚɩɪɢɄ± ɥɢɲɟ17,7%. 
Ɂɦɿɧɚ ɜɦɿɫɬɭ ɤɚɬɿɨɧɿɬɭ Ʉɍ-2- ɭ ɇ-ɮɨɪɦɿ ɭ
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ɪɢɫ 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ɪɿɜɧɨɜɚɝɢ ɪɟɚɤɰɿɣɧɨʀ ɫɭɦɿɲɿ ɤɨɦɩɨɧɟɧɬɢ ɹɤɨʀ





Ɋɢɫ6 ± ȼɩɥɢɜɜɦɿɫɬɭɤɚɬɚɥɿɡɚɬɨɪɚ Ʉɍ-2-ɧɚ
ɤɨɧɜɟɪɫɿɸ ɫɨɧɹɲɧɢɤɨɜɨʀɨɥɿʀɋɩɿɜɜɿɞɧɨɲɟɧɧɹ 













ɩɨɤɚɡɧɢɤɿɜ ɩɪɨɰɟɫɭ ɚɥɤɨɝɨɥɿɡɭ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ
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ɩɪɢɫɭɬɧɿɫɬɶ ɜɨɞɢ ɜ ɟɬɢɥɨɜɨɦɭ ɫɩɢɪɬɿ ɞɨɡɜɨɥɹɽ
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